Up to 90% of Dunaliella salina biomass remains unused after extraction of the main product β-carotene. The potential of mild hydrothermal liquefaction (HTL) to exploit this biomass as a source of valuable byproducts was assessed. The results indicate that 80% of the remnant was converted into glucose by mild HTL (100 • C, 0 min). The recovered glucose was successfully used as a carbon source to cultivate biotechnologically relevant microorganisms, namely Chlorella vulgaris, Escherichia coli and Saccharomyces cerevisiae. Furthermore, the analysis of energy demand and operating costs confirms the beneficial effect of mild liquefaction on the overall process economics of algal β-carotene production.
Introduction
after, the recovered glucose-containing aqueous phase was used as carbon 48 source for mixotrophic or heterotrophic cultivations of three different mi-49 croorganisms. One of the main challenges of HTL is the considerable energy medium was adjusted by adding appropriate volumes of the aqueous phase 141 (∼48 g L −1 ) obtained by mild HTL (100 • C, 0 min) to reach concentra-142 tion equal to the corresponding control medium. That means that approx-143 imately 10 mL aqueous phase per 100 mL LB as well as BG11 or 42 mL 144 per 100 mL YPD were added to the medium before the water and pH ad-145 justment was done. All other media ingredients were identical in source and 146 concentration to the above described control media recipes. The pH in the 147 control and test media was adjusted to the same value. 148 The growth of all microorganisms was followed by absorbance measurements 
where Q is the heat energy required in kJ, c p i is the heat capacity of the com- For the consideration of uncertainties of the parameter values used in the 180 process model, Monte Carlo simulation was applied using 5 x 10 5 indepen-181 dent normally distributed samples to analyze the impact on the predictions.
182
The variances were defined in dependence of the used parameters. A variance 183 of σ 2 parameter = (0.25/3µ parameter ) 2 was assumed for parameters derived from 
Results and discussion
3.1. Biomass composition 190 One crucial factor affecting the product yields of HTL is the composition of 191 the biomass. Therefore, the biochemical and elemental compositions of the 192 used D. salina powder were analyzed (see Table 1 ). In the following, the All in all, two potential approaches to valorize the residual biomass need to be 226 further investigated. On the one hand, there is the possibility to achieve sat-227 isfactory biofuel yields comparable to the above mentioned low-lipid biomass.
228
On the other hand, in terms of process economics the extraordinary high car-229 bohydrate content of the biomass seems to be the most promising by-product 230 in the overall process. of the approach.
294
The nutrient content of the aqueous phase was analyzed by ion chromatog-295 raphy (see Table 2 and 3). Anion as well as cation concentrations were de- showing an increasing tendency in line with temperature and reaction time 307 (see Table 2 ). Organic acids are metabolites of green algae and can be poten-308 tially used as an carbon source for mixotrophic growth (Biller et al., 2012).
309
One expected product in the aqueous phase was the polar molecule glyc-310 erol, which is a degradation product of triglycerides and a by-product in the 311 β-carotene production located in the cytoplasm of D. salina. However, no significant concentrations were detected in the samples (data not shown).
Regarding the types of carbohydrates, cellulose as well as hemicellulose were 314 unexpected to be present in the D. salina samples, due to the lack of a rigid 315 cell wall. Sucrose, fructose and saccarose were present only in small portions 316 or not detectable in the aqueous phase samples of the present study (see 317   Table S1 ).
318
The relatively high carbohydrate content of the biomass (see Table 1 ) led 319 to the presumption that glucose as primary product of photosynthesis and 320 depolymerization product of the storage molecule starch could be one of the 321 main carbohydrate molecules in the aqueous phase. The measured glucose 322 concentrations confirmed this hypothesis (see Table 4 ). Even at the lowest 323 temperature a glucose yield of 77 wt% of the used biomass was reached.
324
The glucose seems to be easily recoverable from the biomass by mild hy- 
Glucose from aqueous phase as microbial carbon source
As glucose is a common organic carbon source for a wide range of microor-339 ganisms, diverse applications in microbial production processes can be found.
340
However, the extensive applicability also carries a high risk of undesired con-
341
tamination for open pond cultivation using glucose as substrate. Conse-342 quently, the substrate is more feasible for closed bioreactor cultivations. In 343 the following, the aqueous phase was applied as carbon source to grow three 344 different biotechnologically well-established production organisms.
345
The bacterium E. coli is one of the most important production organisms in 346 biotechnology. It is currently used for the production of recombinant pro-347 teins in pharmaceutical industry and for biomolecular products like amino 348 acids and primary as well as secondary metabolites (Choi et al., 2006) . Due 349 to the fact that glucose is one of the main substrates in E. coli fermenta-350 tion, the ability of the bacterium to consume the liquefaction-derived glucose 351 was investigated (see Fig. 3 a) . Therefore, the glucose concentration in the 352 modified cultivation medium was adjusted by addition of the aqueous phase.
353
All other ingredients were added with identical concentrations to the control 354 medium (see Section 2.4). The growth curves demonstrate a similar behavior 355 of the culture cultivated on the control medium compared to that cultivated 356 on the modified medium. The same holds true for the glucose consumption 357 of the bacteria cultures in both media (see Fig. 3 a) . Accordingly, there 
